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ABSTRACT 
The ef!ects  of long term exposure to low concentrations 
of hydrogen sulfide on fry of the brown trout , Salmo trutta , 
were studied. Fifty percent mortality was obtained 
within 96 h at the two higher experimental concentrations 
( 0.007 and 0.01 3 mg/1. hydrogen sulfide ). The mean 
84 and 96-h median tolerance limits (TLm ) were 0.01 0 + 
1 .  89 x 1 o-8 mg/1. a.nd .. 007 ± 1 G 88 x 1 o-8 mg/1. hydrogen 
sulfide re spectively. Exposure s t o  the three lower 
experimental c oncentrations (0.002, O.OOJ and 0.005 mg/1. 
hydrogen sulfide ) extended to  8 days in the fir st 
bioassay and 22  days in the second . Brown trout fry 
subjected to  the se chronic , or sub-lethal , concentrations 
had survival rate s equal to or greater than the controls, 
The greatest increase in total length occured at the 
highe st of the chronic concentrations (0.005 mg/1. hydrogen 
sulfide ) and the least increase in total length occured 
at the lowest chronic concentrati on ( 0 . 002 mg/1 . ) .  
Observations o f  fry held at 0.002 t o  0 . 005 mg/1. hydrogen 
sulfide also reveale d  increased re spiratory movements , 
:r-educed swimming activity �lnd signl:flcaJ1.t gill pathology 
as compared with control frye 
Although chronic concentrations of hydrogen sulfide 
had a beneficial e ffect on survival and growth of brown 
trout fry, c oncomittant change s in re spirat�on , activity 
and gill structure suggest the pre sence of chronic local 
vi 
stre ss . This stre s s  could reduce the adaptability of the 
fry and c onsequently, reduce the success  of the spe cies in 
its rigorous natural environment. 
1 
I. INTRODUCTION 
To evaluate the effects of a pollutant on a species 
of fish, it is essential to test all stages in the 
life cycle. Presently accepted concentrations of hydrogen 
sulfide are based on short-term exposures to adult and 
juvenile fish. However, these concentrations are 
meaningless if they are toxic to the eggs and fry, or 
harmful after extended exposures to any life stage. An 
appropriate safe level for a species must permit normal 
survival, growth and development of the most sensitive 
lifestage, and must be harmless for periods of time as long 
as those experienced in nature. This thesis investigates 
the effect of sub-acute concentrations of hydrogen sulfide 
on survival, growth and behavior of brown trout fry (Salmo 
trutta). 
Concentrations of hydrogen sulfide toxic to fish are 
frequently generated in unpolluted waters by the anaerobic 
decomposition of organic matter in bottom deposits and 
at the sediment-water interface. Hydrogen sulfide is 
also generated from such domestic and industrial sources 
as sewage ancl pulpm:tll effluents� tann.ery and. gas mill 
�(, 
wastes, or is derived from the "breakdown products of these 
materials .. The production of hydrogen sulfide at the 
sediment-water interface and in isolated regions of quiet 
water has a great influence on a variety of aquatic life. 
The eggs and fry of many fish must pass critical developmental 
stage s in re stricted regions of  quiet water or in areas 
just above the sediment-water interface. Concentrations 
of hydrogen sulfide commonly found in these areas could 
limit the survival of  the se sensitive life stage s .  
2 
Colby and Smith ( 1967 ) demonstrated that high concentrations 
of hydrogen sulfide ( 0.02-0 . 20 mg/1 . ) occure d  in a 20 mm .  
zone above the bottom of  the Rainy River in Minne sota 
and that the se concentrations were lethal to the eggs and 
fry o f  walleye, Stizostedion vitreume Similar 
concentrations in northern pike rearing troughs near the 
sediment-water interface were detrimental t o  the eggs and 
fry of this spec ie s  (Adelman, 1 969; and Smith and Oseid, 
1970). Colby and Smith (1967) and Smith and Kramer (1963 ) 
observed that eggs and fry o f  walleye placed on the bottom 
of  the river, over paper fiber sludge beds, did not·survive. 
But� at increasingly greater distance s  off the bottom, the 
eggs and fry had progre ssively greater survival rate s. 
When held one foot off the bottom walleye eggs survived  to  
swim�up in normal numbers$ 
The literature on the effects of hydrogen sulfide on 
fish is frequently conflicting� possibly because ma.ny 
researchers have overlooked the importance of pH. 
Pomeroy (1 941) observed that the dissociation of  molecular 
hydrogen sulfide is  dependant on pH with temperature and 
ionic strength having minor effects� According to 
Longwell and Pentlow (1 9J8 ) an increase in the toxicity 
of sodium sulfide to brown trout, as measured by the 
time required for the fish to turn belly up, is dependant 
on pH. Jacques (19JO) demonstrated that the rate of 
penetration of sodium sulfide into the cells of the alga 
Valona is best explained by assuming that it diffuses in 
J 
as molecular hydrogen sulfide. Because the undissociated 
molecule is considered the active component, toxicity 
should be based on unionized hydrogen sulfide rather than 
total or dissolved sulfides. 
A number of researchers have examined the effects of 
acutely toxic, or lethal, levels of hydrogen sulfide on 
fish eggs, fry and juveniles. Van Horn et al. (1949) 
found the minimum lethal concentration of hydrogen sulfide 
for lake emerald shiners (Notropis atherinoides) at 120 h 
to be 1.0 mg/1. Haydu, Amberg and Dimick (1952) 
estimated that the safe concentration for coho salmon 
(total length, 7. 5-11 e 0 em. ) , chinook salmon (total length, 
9.9-12.0 em) and cutthroat trout (total length, 9.5-12.0 
em.) to be 0.7, Oo2 and 0.5 mg/1. hydrogen sulfide 
respectively. In a 96�h test Adelman and Smith (1970) 
observed an adverse effect on the eggsr fry and juveniles 
of the northern pike� � ).ucius� at concentrations as 
low as 0.008 mg/ls Based on 96-h expo sures , the highest 
concentration at which no harmful effects were observed 
was 0§004 mg/1. hydrogen sulfide for fry, with concentrat ions 
above 0�006 mg/1. reducing survival. In the same study 
a 96-h exposure to o.oo6 to o.oo8 mg/1. hydrogen sulfide 
resulted in a decline in the mean total length of northern 
pike fry. This effect became more pronounced with 
increasing concentrations of hydrogen sulfide. Smith 
and Oseid (1972) reported on the effects of acutely toxic 
concentrations of hydrogen sulfide on fry of the walleye 
and rainbow trout (Salmo gairdnerii). Walleye fry had a 
96-h median tolerance limit (TLm) of 0.013 to 0.026 mg/1., 
and rainbow trout fry had a 72-h TLm of 0.02 mg/1. with no 
survival to 96 h. Growth of trout fry was also reduced 
as the concentration of hydrogen sulfide increased. Fry 
exposed to 0.024 mg/1. hydrogen sulfide for 72 h were 8 
percent shorter than the controls. Survival at this 
concentration was 20 percent of controls. 
In a study of the eggs and fry of walleye, Colby: 
and Smith (1967) found the fry to be more sensitive than 
eggs to low concentrations of hydrogen sulfide. While 
the 48-h TLm for eggs ranged from 0.42 to 0.26 mg/1. and 
the 144-h TLm from 0.21 to 0.26 mg/1., the sac fry had 
a 24 -h TLm of 0.12 to 0.18 mg/1. and a 96-h TLm of 0.05 
4 
mg/1� hydrogen sulfide4 Smith and Oseid (1970) recognized 
the newly hatched :fry as the most sensitive life stage s.nd 
consequently the best indicator of safe concentrations 
of hydrogen sulfide. In a series of short-term bioassays 
they noted that the 72-h TLm for newly hatched fry of 
rainbow trout, walleye, white sucker (Catostomus 
commersonnii) and northern pike to be as low as 0.02, 0.017 
0.024 and 0.03 mg/1. hydrogen sulfide respectively. 
Smith and Oseid (1970) noted the inadequacy of the 
short-term bioassay as an indicator of the sensitivity 
of fish to hydrogen sulfide. By demonstrating adverse 
responses to very low concentrations of hydrogen sulfide, 
test exposures longer than the conventional 72 o� 96-h 
could substantially reduce the maximum safe levels of 
hydrogen sulfide. Specific literature on the effects of 
these chronic, or sub-lethal, concentrations of hydrogen 
sulfide on fry is scant. Fathead minnow fry (Pimephales 
promelas) exposed to o.ooo6 to 0.039 mg/1. hydrogen sulfide 
for 247 and 112 days had survival, growth and fecundity 
rates greater than controls (Smith, Oseid and Olson, 1976). 
According to Smith and Oseid (1972) newly hatched white 
sucker fry incubated at o.o o6 and 0.011 mg/1. hydrogen 
sulfide had survival rates of 154 and 135 percent of 
controls respectively. In a study of long-term 
exposure of young of the year bluegills (Lepomis 
macrochirus) to low concentrations of hydrogen sulfide 
(0.0004 to 0.0146 mg/1. for 126 and 148 days) Oseid and 
Smith (1972) observed an increaBe in swimming endurance 
over controls at 0®0004 mg/1. with a progressive 
reduction in endurance as the concentration of hydrogen 
sulfide increased. Extended chronic exposures to 
hydrogen sulfide also caused a progressive increase in 
gill irrigation rates with increasing concentrations& 
In addition, concentrations of hydrogen sulfide from 
o.oo6 to 0.012 mg/1. were found to stimulate growth and 
increase survival over controls. 
The objectives of this thesis were determine the 
effects of extended exposure to low concentrations of 
hydrogen sulfide (0.002 to 0.013 mg/1.) on advanced fry 
of brown trout, Salmo trutta. At those concentrations 
proving acutely toxic (O.OlJ and 0.007 mg/1. in less than 
96, h}t',·:;median tolerance limits were calculated and 
behavior was observed. At concentrations with low 96�h 
mortalities 8 and 22-day bioassays were performed to 
determine if these concentrations produced measurable 
'" chronic effects on survival, growth and behavior of brown 
trout fry. While the principle toxic action of hY,drogen 
' 
sulfide is depression of cellular respiration (Goodman 
6 
and Gilman, 1955) this compound may also produce severe 
stress through damage to the mucous membranes of the gills 
(Cole, 1941). On completion of the bioassay studies, 
histological examinations of the gills were made to 
determine the effects of chronic exposure to hydrogen 
sulfide on the gill la1nellae of brown trout fry� 
These experiments revealed that the concentration range 
between acute and chronic toxicity to hydrogen sulfide 
is narrow. Long-term exposure to chronic concentrations 
of hydrogen sulfide produced a variety of responses. 
concentrations from 0�002 to Oe005 mg/1. increased 
survival and growth of brown trout fryQ FrY' exposed 
7 
to these concentrations also showed increased adverse 
reactions such as decreased swimming activity and increased 
opercular movements. In addition, these extended chronic 
exposures to hydrogen sulfide produced significant gill 
pathology. 
-· 
8 
II.. MATERIALS AND METHODS 
Approximately 500 sac fry of the brown trout, Salmo 
trutta, were obtained in two seperate  lots from Brown ' s 
Hatchery, Blis s, New York. Fry about 6 days post hatching 
\ 
were employed in the first bioassay and fry about 20 days 
post hatching in the second bioassay. Be cause the fry 
were hel d  at 7 t o  8° C at the hatchery, growth was retarded, 
the sac fry period was extended, and l ittle difference in 
maturity exi sted between the two t e st populations .  On 
arrival at the laboratory the fry were placed in holding 
chambers and accl imated to test condit ions for 7 days prior 
t o  te sting. During the acclimati on period  mortality did 
not exceed 2 percent . A photoperiod of 14 h l ight and 
10  h dark was employed throughout the study. After 
absorption of  the yolk sac the fry were fed 2 ml. of 
a p owdered commerc ial trout feed  three t ime s a day and 
the t e st chambers were siphoned clean of particulate 
matter twice a day . Fry consumed the majority of the 
food ration within 1 he 
The water source for the bioassays consisted of aerated, 
charcoal filtered tap water fl continuously ci.rcuJ.ated i.n a 
120-gal. constant head resevoir@ Particulate matter 
was removed by filtering the incoming water through glass 
wool. A:n analysis of the test water revealed a mean 
pH of 7.1 ± .1 and a dissolved oxygen concentration of 
The water temperature was 
0 1J .± 1 c .. 
9 
Table 1 .  Analysis of water used for bioassays 
Item mg/1. 
Temperature (OC) 1.3 + 1 
pH 9.48 + ·.3 
Dissolved oxygen 7.1 + .1 
Free co2 7.0 
Total hardness (Caco3) 127.2 
' 
"· Alkalinity (CaCO
J
) 84.5 
Calcium (Caco3) 100 
) :Uagne s i um (CaCOJ) .30 I f Iron 0.1 , .  
t Chlorides 1.0 
Sulfates 2.04 
Copper 0.0075 
I 
• 
I 
} 
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Six standard one gal. wide mouth jars fitted with 
intake funnels and outflow tubes were used as experimental 
chambers. The chambers were immersed in a water bath 
0 maintained at the test temperature of 13 ± 1 c. All 
' 
chambers and delivery tubes were sterilized by running a 
concentrated solution of a germicidal detergent (Wescodyne) 
through the system for 1 h each day, for 5 days prior to 
testing. 
Dilutions of chilled sodium sulfide stock solution were 
mixed and dispersed to the experimental chambers by a 
continuous flow apparatus similar to that described by 
Burke and Fergunson (1968), with the following modifications. 
Controlled volumes of the stock sodium sulfide solution 
were mixed directly with the dilutent inflow to each 
chamber. When a concentrated solution of methylene blue 
was passed through the sulfide delivery system the dye 
mixed immediately with the dilutent water, rapidly 
producing an even color dispersion in the experimental 
chambers. Thus, it was assumed that this apparatus 
permitted adequate mixing of the sodium sulfide stock 
solution and dilutent water .. ln. a.ddition, rather than use 
standpipes as dilutent intakes� a float was designed to 
maintain six siphon intakes at a constant level below 
the surface of the resevoir . The flow rates from these 
siphon intakes varied by less than 2 mle per day., 
At dilutent inflow rates of 280 ml= per minute less than 
( 
l 
l 
l 
I 
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20 minute s were required for 99 perc ent replacement of 
the water in the t e st chambers. At thi s  flow rate no 
measurable changes in dissolved oxygen or hydrogen sulfide 
o ccured during the residence time of the dilutent water. 
Consequently, all chemical te st s  were performed on the 
- outflow of e ach experimental chamber. 
One control and five experimental concentrations of 
hydrogen sulfide were e stablished  and maintained by 
frequent analysis . The concentration range of hydrogen 
sulfide selected for this study included acutely toxic 
levels (rapidly and fatally toxic ) as well as levels 
suspected  of having chronic toxicity (producing sub-lethal 
stre s s ) . The concentrations used were 0.01 3, 0 . 007, 0.005, 
0.003 and 080 02 mg/1 .  hydrogen sulfide . Because the 
i 
toxicity of hydrogen sulfide is due to the undissociate d  
molecule, experimental concentrations employed in this 
study were calculate d  from unionize d  hydrogen sulfide 
rather than total or dissolved sulfide s. While these 
concentrations were maintained as nearly as possible to  
predetermined value s, actual value s are reported .  Less 
than 2 perce:t'lt error in actual :sulfide concentra,tions 
resulted from fluctuations in stock and dilute:nt t·low 
rates., A larger error occured in the anaJ.ysis for 
hydrogen sulfidee Repeated analysis of hydrogen sulfide 
standards revealed an analytical error between 6 and 8 
percent. For this reason two samples were taken at each 
\ 
I 
l 
I 
.. 
\ 
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experimental concentration of  hydrogen sulfide . The se 
were broken into four subsample s  and mean daily sulfide 
c oncentrations were calculated.  
During the  bioassays dissolved oxygen was measured 
daily by the azide modification o f  the Winkler titration 
(American Public Health Association , 1 971 ). Temperature , 
pH and hydrogen sulfide were measured with the same 
frequency. The pH was measure d with a Beckman 
Expandomatic pH meter . Hydrogen sulfide was determined 
with the methylene blue photometric method ,  with 
pretreatment for low level sulfide s (American Public Health 
Association, 1 971 ) .  Undissociated hydrogen sulfide was 
� c alculated from total sulfides  and pH after correcting 
for temperature and ionic strength . 
JJ percent of  the total sulfide s exists in the unionized  
form (Pomeroy , 1941 ) .  
On c omplet ion o f  the acclimation period, the sac fry 
-
were randomly distributed among the experimental chambers . 
An initial subsample of 13 fry was then netted from 
each chamber re sulting in a final count o f  29.33 + ).54 
The sam:pled fry were sacrificed and 
preserved in 20 percent formalin buffered to pH 7. 0. 
These fry were measured for total length and their heads 
were removed to  prepare sections for histological examination 
of the gills.., 
In the first bioassay, the. two higher c oncentrations of 
. ·  
I 
l 
I 
I 
I 
I 
13 
hydrogen sulfide produced a peak re sponse by 96 h, 
This t e st was continued for 8 days to observe the re sponse s 
of fry to the three chronic concentrations of hydrogen 
sulfide . On completion of  the 8-day bioassay a replicate 
b ioassay was performed, with observations extending t o  
22  days . In both bioassays mortalities were recorded 
and dead fry removed at the end o f  each 1 2-h period . 
were considered dead when no respiratory movements were 
observed for one minute and no response  was elicited 
; 
by gentle prodding , The percent survival at each 
Fry 
concentration was calculated in t erms of  survival in t�e 
controls, and median tolerance limits were determined by 
graphical interpolation (Bliss , 1952 ) .  This  method 
requires that a plotted l ine of percent mortality at a 
given t ime versus the sulfide concentration pass  through 
the region o f  50  percent mortality, In the present 
study 5 0  percent mortality was not obtained at e ither 
of the lethal concentrations till after 72 h .  Consequently , 
median tolerance l imits were calculated for the next 
observation period (at 84 h )  as well as for the 
conventional 96�h exposuree 
In those experimental chan1bers coJJ.tainlng fry surviving 
to the end of the 9 an.d 22-day test periods, the remaining 
individuals were sacrificed and preseFved im 2 0  percent 
formalin buffered to pH 7.,0e Total lengths were 
measured with an optical micrometer and were compared 
with the appropriate controls. to determine the e ffect s of 
.· 
I 
I 
I 
l 
\ 
• 
' 
I 
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hydrogen sulfide on growth of brown trout fry. 
The effect of hydrogen sulfide on behavior of fry was 
recorded at the end of each 12-h period. All observations 
were made during the light portion of the photoperiod. 
Note was made of general body movements and orientation, 
feeding activity, and depth and frequency of respiratory 
movements of fry in all experimental chambers. The 
effects of chronic exposure to hydrogen sulfide on the 
degree of inactivity were further investigated in the 22-
day bioassay. The number of fry resting on the bottom of 
each experimental chamber during a 15-second period was 
recorded at 12-h intervals. In order to examine the 
·,, relationship between inactivity and days exposed to 
hydrogen sulfide, the percent inactivity at each experimental 
concentration was calculated and compared with the 6ontrol 
valuee 
The gills of fry exposed to chronic concentrations of 
hydrogen sulfide were examined for pathology and compared 
with gill preparations from control fry. Three fry were 
randomly selected from the control group and from each 
of the three chronic concentrations of' hydrogen. sulfide., 
All gill sections were prepared by embedding in paraffin, 
proc;easlng through alcohols and staining wi.th the 
Delafield alum hematoxylin and Eosin-y technique ( Sheehand 
The length and dia�eter of ten 
gill lamellae from each fry were measured with an optical 
15 
micrometer . All lamellar measurements were taken from the 
first holobranch of  the second gill arch. From these 
measurement s  ratio s of lamellar length to diameter were 
c alculate d  and a mean ratio determined for each chronic 
c oncentration and for the control. 
III. RESULTS 
1. The Effects of Acute and Chronic 
Exposure on Mortality 
The results of this study indicate that mortality of 
brown trout fry is dependant on the length of exposure 
16 
as well as the concentration of hydrogen sulfide to which 
the fry were exposed. At the acutely toxic concentrations 
of 0.007 and 0.013 mg/1. hydrogen sulfide 90 percent of the 
fry were dead in 144 h or less (Table 2 ). At those 
concentrations producing chronic stress (0.002, O.OOJ and 
0.005 mg/1. hydrogen sulfide), survival was extended to 
completion of both the 8 and 22-day bioassays. 
The mean 84-h TLm for the replicate bioassays was 
0.010 + 1.89 x 10-8 mg/1. as hydrogen sulfide {Table 2). 
- ) 
The mean 96-h TLm was 0.007 + 1.88  x 10-8 mg/1. hydrogen 
sulfide. At 0.013 mg/1. less than 10 percent of the fry 
survived beyond 120 h with no survival beyond 132 h. 
At 0.00? mg/1. hydrogen sulfide 10 percent survival was 
obtained between 132 and 142 hE 
The ran.ge o:f.' hydrogen sulfide concentratlons produclng 
100 percent mor"'cali ty and 100 percent survival was nru:row c 
While exposure to 0.007 mg/le hydrogen sulfide was rapidly 
fatal for fry, concentrations of 0.,005 mg/lo and below 
produced survival rates greater than controls (Table 3). 
In the 8-day bioassay� survival at the three chronic 
/ 
Table The s urvival of brown trout fry (Salmo trutta} at acutely toxic 
concentrations of hydrogen sulfide:--- . 
H S D.O. Number Percent Survival1 
(mgYl o j (mg71.) of 
Fry 24 h. 48 h. 72 h. 84 h. 96 h. 120 h. 144 h. 
Bioassay 1 
0 9o73 29 100 100 100 100 100 100 100 
0,013 9.66 26 92 84 60 44 28 8 0 
0.007 9o78 25 96 96 83 67 50 21 4 
Bioassay 2 
0 9.74 34 100 100 100 100 100 100 100 
0. 012 9�68 29 97 87 63 42 30 7 0 
0.007 9.66 27 100 98 83 69 50 23 7 
l 84-h TL."ll1 s = 0.0103 + .  0�0101 mg/1� H2s, X = 0.010 + 1.89 X lo-8 mg/1. (+ 1 standard error ) -
10-8 96-h TI..m Is = 0.0073 + 0.0072 mg/1. H2S , X = 0.007 + 1.88 X mg/1. <± l .standard error) -
J . 
I 
l 
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Table J. The percent survival o f  brown trout fry after 
Exposure 
Time 
(days ) 
8 
8 
8 
8 
22 
22 
22 
22 
8 and 22-day exposure s to chronic concentrations 
o f  hydrogen sulfide. 
H S D.o. Number of  Survival as (m�l.) (mg/1. ) Fry; Percent of 
Initial/Final ' Controls  
0 9.,68 . )4/29 
0.005 9.68 27/27 114 . 71 
O.OOJ 9.72 26/26 114. 71 
0 . 002 9.66 J0/28 1 08. 80 
0 9.71 )8/)4 
0 . 005 9.6) JO/JO 1 1 0 . 53 
' 
O.OOJ 9.66 )0/) 0 1 1 0.5.3 
0 . 002 9.6 9  ) 0/JO 1 1 0 .53 
19 
concentrations o� 0.002, O.OOJ and 0.005 mg/1. ranged from 
108.08 to 114.71 percent of controls. In the 22-day 
bioassay survival at all three chronic concentrations was 
110a53 percent o� the controls. 
) 
l 
I 
I 
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2. The Effects of Acute and Chronic 
Exposure on Behavior 
20 
Brown trout fry subjected to acutely toxic, or lethal, 
concentrations of hydrogen sulfide exhibited characteristic 
behavioral responses. Initially, the fry showed increased 
restlessness and excitability in the form of darting, 
swimming and rapid surfacing. This restlessness was 
gradually replaced by increasingly longer periods of rest 
on the bottom of the test chambers. Respiratory 
movements were deep and rapid, and were occasionally 
interrupted by periods of coughing or mouth gaping. As 
these periods of lethargy increased, both feeding activity 
and response to mechanical stimulus declined. Several 
hours prior to death fry were observed floating at the 
surface, suspended head down in the water or resting 
belly up on the bottom o f  the test chambers . When prodded 
the fry swam feebly. They had difficulty maintaining 
their equlibrium and frequently rolled onto their backs 
or sides .. At this stage respiratory movements were weak 
and irregular with fry performing gaping movements of the 
mouth and operculum� The fry were usually dead within 
a few hours(; 
Fry exposed to chronic concentrations of' hydrogen 
sulfide displayed none of the dramatic alterations in 
body movementse orientation and feeding act ivity observed 
in acutely toxic exposuresw Some changes in respiration 
\ 
I 
I 
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were observed,. While re spiratory volume appeared 
unaffected by chronic exposures to hydrogen sulfide , 
respiratory movements of  the mouth and operculum appeare d 
more rapid than those of control fry. 
Although fry exposed to 0 . 002 t o  0 . 005 mg/1. hydrogen 
sulfide showed normal body movements and feeding activity , 
general swimming activity declined over the 22-day 
observation period� Regre ssion coefficients  were 
calculated for the percent inactivity versus time for 
each. chronic concentration of hydrogen sulfide and for the 
control , and were te sted for significance with a critical 
t-test (Sakal and Rholf , 1 969 ) .  The results o f  this 
test are shown in Table 4. While the regre ssion 
coefficients for all three chronic concentrations of 
hydrogen sulfide had highly
. 
significant t values (p� . 01 ) , 
the t value for the control group was insignificant (p� . os ) .  
Thi s  indicate s a highly significant relationship 
between the length of chronic expo sure s to hydrogen 
sulfide and the degree of  inactivity of brown trout fry . 
A te st of  covariance (snedecor and Cochran, 1 967 ) was 
applied to this da.ta_ to establish the ho:mogenf!ity of 
percent inactivity (Y) on time {X) for fry exposed to 
chronic concentrations of hydrogen sulfide (Table 5). 
The nonsignificant F value (p>.05) indicate s  that the 
percent inactivity of brown trout fry exposed to 0.002, 
0,003 and 0.,0 0.5 mg/L� hydrogen sulfide is not dif'ferent� 
Thus the degree of inactivity. of brown trout fry exposed 
1 
l 
l 
l '"' 
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Table 4. Linear regressions for the percent inactivity 
of treated and control fry exposed to chronic 
concentrations of hydrogen sulfide. 
�s Regression Experimental Significance of 
(m 1.) Coefficient t1 Regression 
Coefficient 
0 -. 01 72 -.4004 No 
0.0 02 -. 0816 9.485 0  Yes 
0. 0 03 . -0 071 0 1 0.486 0 Yes 
o.oos -.0853 7.8525 Yes 
1 t4o (. 05) = z. 021 
t4o ( .: 01 ) = 2.704 
Table 5. Analysis of covariance of percent inactivity (Y) 1 on time (X) 2 for brown 
trout fry e�posed to chronic concentrations of hydrogen sulfide for 22 days. 
Source of Variation df Sum of Products df y Adjusted for Common x3 
XX xy yy ss MS F 
Total 119 2302560 1 80391.20 145802.92 
ROWS: time 39 0 1 82160.20 16676 . 80 
Blocksu concen·tratio:n 2 0 -412.80 804.59 
of hydrogen sulfide 
Error 7 8  2302560 -2181.80 128321.53 77 128319.46 1666.87 .243 
Blocks + Error so -1769 129126.12 79 129124.76 1634.49 
Blocks, adjusted 2 805.29 402.65 
1 Percent of fry inactive during 15-second observation period 
2 Hours 
3 
F22,77 (.05) = 4.93: experimental F not significant 
I 
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to 0 . 002 to 0 . 005 mg/1, hydrogen sulfide declined with time, 
but the different concentrations o f  hydrogen sulfide did 
not differ in the extent of  their e ffect, 
In order t o  describe the relati onship between percent 
inactivity and exposure t ime to hydrogen sulfide, data from 
the three chronic concentrations o f  hydrogen sulfide 
were pooled and an e stimate of the common slope and a 
common regression line were calculated (Sokal and Rholf , 
1969). For Y = percent fry inactive during a 15-second 
observation period and X = the number o f  h exposed  to 
chronic concentrations of hydrogen sulfide, Y = J0,2JJ4 -
I 
l 
l 
3. The Effects of Chronic Exposure on Growth 
Measurements of  total length of  brown trout fry after 
8 and 22 days exposure to 0 . 002, 0 . 003 and 0 . 00.5 mg/1. 
hydrogen sulfide revealed increased growth as c ompared 
with controls. On completion o f  the 8-day bioassay , the 
2.5 
increase in total lengths of fry ranged from 148 to 198 percent 
of controls as concentrations of hydrogen sulfide rose 
from 0.,002 to 0.,0 05 mg/1 . (Table 6). Ai'ter 22 days 
exposure, increases in total length ranged from 174 
percent of  c ontrols at 0 . 002 mg/le to  285 percent of 
controls at 0.00.5 mg/1. hydrogen sulfide. In a two-way 
analysis of variance for r x 2 tables with disproportionate 
,� subclass numbers (Steel and Torrie, 196 0) both the exposure 
t ime (8 and 22 days) and the concentrations of hydrogen 
sulfide (0 . 002 , 0 . 003 and 0.005 mg/1, ) produced significant 
increases in t otal length of brown trout fry (p£ . 001). 
The results of this test can be seen in Table 7. Once  
the independance of  t ime and dosage effects was 
established, the degree of  the t ime effect  was calculated. 
The we ight e d  mean difference in total lengths of brown 
trout fry due to the ·time effect alon� wras 2f; 078 em. 
A test o:f signif:tcance (Steel atld Torrie � 1960) 
produced an equivalent F value of 14., 228e establishing 
the significance (P�e001) of time in increasing total 
length in brown trout frye The weighted mean difference 
in total length between fry exposed to the three different 
chronic concentrations of hydrogen sulfide was calculated 
\ 
/ 
Table 5 Q The mean ler,1gth of fry after 8 and 22 ... day exposures· to chronic concentrations 
of hydrogen sulfide" 
Exposure H S D.O. Number of Mean Total Length1 Growth as Percent2 
Time (mgfl o) (:mg/1 .) Fry (rom) of Controls 
(days) 
8 (l 9.68 29 24.123 + .2463 
-
8 0.002 9.66 27 24.935 + .2439 148 
-
8 Oo003 9 � 7 2 26 25.216 + .2411 165 
-
8 0.005 9o68 28 25.762 + .2377 198 
-
2:2 0 9.71 34 25.482 + .2325 
-
:2:2 0.002 9.69 30 26.759 + .2530 174 
-
22 0,003 9,66 30 27.516 + .2625 218 
-
22 0.005 9 � 63 30 28.668 + .2898 285 
-
1 Mean + 1 s·tandarc1 error 
2 £.lean ini·tial length in 8-day bioassay = 22.435 + 1.13 rom (1 standard error) 
Mean ini·tial leng·th in 22-day bioassay = 23.759 + 1.29 rom {1 standard error) 
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Table 7 .  A two-way analysis  of variance for mean total 
length of brown trout fry expo sed to 0 . 002 to 
0 . 005 mg/1. hydrogen sulfide for 8 and 22 days .  
Source of Error df ss MS F 
27 
Do sage effect 
2887 . 9771 adjusted for 3 1 52 075 . 825 5 0691 . 942 
t ime e ffect 
Time e ffect 
adjusted for 
250. 434 25 0 . 434 1 4 . 2682 do sage effect 1 
Do sage x Time , 
interaction 3 1 8 . 942 6 . 31 9  · 3.593 
effect 
Error 225 3949 . )7 0  1 7 . 553 
Total 232 1 56294 . ,571 
1 
F3 , 225 ( . 001 ) = _5 . 42 ,  experimental F very highly significant 
2 F1 � 225 ( . 001 ) = 1 0 e 8 p  experimental F for we ight e d  mean 
difference in total length due to t ime ( 2 P, 078 em ) very 
highly significant 
" 
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by the approximation method of Steel and Torrie (1960) . 
This method c ompares the we ighted mean difference in total 
length for pairs of sulfide concentrations and determine s 
the significance o f  the se difference s .  After 8 and 22-day 
exposure s, the weighted mean difference in total length 
between fry exposed to  0 versus 0. 002 , o . OOJ and 0 . 005 
mg/1. hydrogen sulfide ranged from 1 . 277 em . to 2 . 463 
em . �  ( Table 8 ) .  A significant control versus dosage 
e ffect was e stablished in all three comparisons .  This 
e ffect  ranged from marginally significant at 0 . 002 mg/1 .  
hydrogen sulfide (p .c,. l ) to  highly significant at 0. 005 mg/1 . 
hydrogen sulfide (p �. Ol) . Although the weighted mean 
difference in total length between fry exposed to 0. 002 
and 0. 003 mg/1 . was insignificant (P� • l ) ,  the effect 
had a greater significance betwe�n 0 . 002 and o.oos mg/1 . 
hydrogen sulfide (p� . l ) e  Thus extended exposures to 
chronic  concentrati ons of  hydrogen sulfide from 0 . 002 t o  
0. 005 mg/1 .  may have a progressively greater st imulatory 
e ffect  on growth with increasingly greater dosages . 
i 
Table 8 .  The approximation method for testing the unbiased dif ference between pairs 
o f  hydrogen sul fide concentrations for 8 and 22 days . 
Do sage iN'eighted Mean Standard Error o f  Experimental Probability Level 
Comparison Di fference Weighted Mean t for Test 
{mg/1 . }  ( em)  Difference o f  Significance 
0 "-7 "" O . tl 0 2  1 . 2 2 7  0.766 1. 667 t ( . 1 )  = 1 . 645 
0 X 0 . 0 0 3  1 . 5 9 9  0 .769 2 . 079 t ( .  05 ) = 1 .960 
0 X O e 00 5 2 . 463 0.766 3.2 1 5  t ( . Ol ) = 2.580 
0 . 0 0 2  X 0 . 0 0 3  0 . 3 6 0  0 . 7 8 8  1 . 0 9 1  t ( . 1 )  = 1 .645 
0 . 0 0 2  X 0 . 0 05 1 . 3 97 0 . 7 85 1 . 780 t ( .1) = 1 . 645 
I • 
l 
l 
1 
I 
I 
j 
' "' 
4. The Effects  of Chronic Exposure 
on Gill Structure. 
.30 
Because fry expo sed to 0 to 0 . 005 mg/1 . hydrogen sulfide 
for 8 days had not yet developed gill lamellae , only the 
fry from the 22-day bioassay were examined for histological 
changes due to hydrogen sulfide .  Chronic expo sure to  
0 . 002 , o . OOJ and 0 . 005 mg/1 . hydrogen sulfide for 2 2  days 
resulted in definite gill pathology .  When c ompared with 
controls ,  the gills of treated fry had shortened , thickened 
gill lamellae with bulbous tips ( Figures 1 -4 ) .  AA average 
lamellar rat io of length t o  diameter of  J . 024 was compute d  
for a pool of  all treated fry versus a mean ratio of 
4 . 526 for the controls ( Table 9 ). The Kruskal-Wallis 
test ( Sokal and Rholf , 1969 } demonstrated a highly 
significant experimental H ( p �. 005 ) and c onsequently , a 
highly significant de cre ase in the lamellar ratios of fry 
expo sed to chronic concentrat ions o f  hydrogen sulfide for 22 
days. 
.. 
Figure 1 .  Gill lamellae of fry expo sed 
to 0 . 0 02 mg/1 . hydrogen sulfide for 22 day s .  
Lamella ( L )  ( x  1 5 0  ) . · 
.· 
Figure 2 ..,  Gill lamellae o f  fry exposed 
to o .  003 mg/L , hydrogen sulfide for 22  day s .  
Lame lla ( L )  ( x  1 50 ) ,  
Jl 
Figure J .  Gill lamellae of fry exposed 
t o  O e 005 mg/1 . hydrogen sulfide for 22  day s .  
Lamella ( L )  (x 1 50 ) .,  
Figure 4 ..  Gil l  lame llae of control fry 
after 22 days . Lame lla ( L )  (x  1 5 0 ) �  
.32 
' 
" 
Table 9. The effects of chronic expo sure to hydrogen 
sulfide on gill pathology ; Expo sure time of  
22  day s .  
H S D . O .,  Mean Lamellar (m�l .. ) (mg/1 .. ) length/Diameterl 
0 9 . 71 4 .. 523 + . 706 
0 . 002 9 . 69 ) . 11 0 + . 728 
O ., OOJ 9 .. 6 6  2 . 789 + . 885 
0 ,. 005 9 . 6) J .. l 7J ± . 8 0.5 
1 + 1 standard error 
33 
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IV ., DISCUSSION 
Concentrat ions of hydrogen sulfide from 0. 007 to 0. 01 3 
mg/1 .  were acutely toxic to  brown trout fry .  Ninety-six 
-8  g/ and 84-h TLm ' s were 0 . 007 + 1 . 88 x 1 0  m 1 .  and 0 . 01 0  + 
1 . 89 x 1 0- 8  mg/1 .  hydrogen sulfide . The se value s show 
good  agreement with TLm' s calculated  for closely related  
species.  In a study by  Smith and Oseid (1 97 0) rainbow 
trout fry had a 96-h TLm. of 0 . 007 t o  0.0072 mg/1 . hydrogen 
sulfide and a 72-h TLm of 0 . 01 2  mg/1. as hydrogen sulfide , 
Northern pike sac fry were slightly more resistent with a 
96-h TLm of 0 . 009 mg/1 . as hydrogen sulfide . The maximum 
safe concentrat ion for brown trout fry would lie between 
0 . 007 and 0. 005 mg/1. The short-term safe concentrat ion 
for other sensitive species lie s  within the same concentrat:ion 
l 
range o Based on a 96-h test Ade lman and Smith (1 97 0 ) e sti-
mated a safe c oncentrat ion of hydrogen sulfide for northern 
pike fry to  lie between o .  0 04 and o .  006 mg/1. For the 
same exposure time Smith and Oseid ( 1 97Z } concluded that 
c oncentrations o f  hydrogen sulfide b e lo,w 0 .. 007 t o  0 .  006 
mg/l G  were harmless  to walleye fry o 
The e ffe ct s  o f  sy stemic p o i son:lng by hydr o gen sul fide 
are due to a blo ckage o f  all enzyme systems c ontain ing 
ferri.c iron � particularly the re sp iratory enzyme c omplex 
c ontaining cyto chrome oxida se e Hydrogen sulfide 
ina.ctlvate s this c omplex § prevent ing the pas sage o f  
ele ctrons to oxygen p  t h e  final electron carrier (Lehiniger f 
35 
1 97 0 ) .  Because thi s  electron chain supplie s between 6 0  
and 9 0  percent o f  all animal respiration , inactivation 
by hydrogen sulfide rapidly produce s tissue anoxia ( Gleason 
Though many tissue s are vulnerable t o  
hydrogen sulfide poisoning , nervous tissue haS a very low 
threshold to oxygen deficiency. Consequently , the toxic 
effects of hydrogen sulfide poisoning are the re sult of a 
depre ssion of  CNS act ivity @ teath usually result s f'rom · 
anoxia o f  the brain ( Gl�ason et al .. , 1969). 
'·-· - · ·--· --- � .. _ _  ,_ :_ � - . 
Extended chronic exposure s of brown trout fry to 0 . 002 
to 0 . 0 05 mg/1. hydrogen sulfide have shown that these 
concentra�ions will produce survival rate s greater than 
controls .,  Ac cording t o  Smith , Osied and Olson (!,76 ) 
fathead minnow fry exposed to  0 6 0006 to 0 ., 0 089 mg/1 . 
·, 
hydrogen sulfide for 297 days showed similar re sponses . 
Survival rate s o f  the se fry ranged from 1 00 to 1 1 0 percent 
o f  controls.  Ose id and Smith ( 1 9 7 2 ) observed several 
instance s  of increased survival ( 1 1 0  percent of controls ) 
in young of the year blue gi1l s expo sed to  o . oo6 to  0 . 01 2  
mg/1 . hydrogen sulfide for 1 26 day s .  A s imilar effect 
was not ed by Smith Ose ld 972 ) in newly hatched walleye 
hydr ogen sulflde . 
Exposure to 0 .,  0 06 and 0 ,.  011 mg/1 , hyd_-rogen sulf'i de pro duced 
survival rate s t)f 1 54 and l J5 percent of controls  re spe ctively . 
While sul:fur is generally cons idere d tox i c t smal l 
amount s have de finite therapeut ic value as a fungic ide 
( Goodman and Gilman , 1955 } .  The germicidal effect of 
sulfUr is  directly attributed to hydrogen sulfide and 
pentathionic acid , H2s5o6 ( Goodman and Gilman , 1 955 ) .  
The latter compound i s  a product of sulfUr oxidation by 
epidermal cells and bacteria. Though hydrogen sulfide 
36 
was the predominant sulfur compound used in this study, 
colloidal sulfur and pentathionic acid were probably present 
in small amounts . Apparently , the increased survival of 
brown trout fry exposed to low concentrations of hydrogen 
sulfide is the result of the combined antifungal and 
antibiotic properties of this and related sulfur compounds 
in solution. Once hydrogen sulfide enters the tissues of 
the fry , either by absorption or ingestion with food , 
it could act to reduce systemic infection. According to 
Goldberg ( 1 969 ) the general practice of feeding low levels 
o f  antibiotics to very young animals effectively reduces 
the severity of disease and sub-clinical infection , and lowers 
the incidence of early mortality . Feeding of antibiotics 
is most effective in weaker and smaller young animals , 
and in tho se animal s experienc ing difficulty adapt ing t o  
a new o r  stressful environment ( Goldberg , 1 959 ) .  Loca.lly � 
hydrogen sulfide and colloidal sulfu:r' could J.J.rnlt the 
development o f  fungal and bacterial dlsf:ase e of the skin � 
Both the local and syst�m:lc act ions wc1ui d cle creaee the 
disease stress to brown trout fry and increase their 
liklihood of surv ival s 
Brown trout fry exp o se d  to chronic concentrat i ons o f  
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hy�ogen sulfide demonstrated several compensatory behaviors .  
Respiratory movements of fry expo sed to 0 . 002 t o  0 . 005 
mg/1 . hydrogen sulfide appeared to  be more rapid than in 
controls .  Similar observations were made by Oseid and 
Smith ( 1 972 ) on young of the year bluegill s e·xposed to  
o . ooo4 to o . o48 mg/1 . hydrogen sulfide . The mode of 
respiratory stimulation has been e lucidated for cyanide , 
and presumably hydrogen sulfide s Subthreshold levels 
o f  these substanc e s  block oxidative phosphorylation in 
the chemoreceptor cells o f  the carotid and aortic bodies , 
producing the same response as doe s  depre s se d  blood oxygen 
levels ( Goodman and Gilman , 1 955 ) @  
Extended chronic exposures to hydrogen sulfide also 
re sulted in decreased activity of  brown trout fry . 
Ose id and Smith ( 1 972 ) observed that swimming endurance of 
young o f  the year bluegills progre ssively declined from 
o . ooo4 to O e 048 mg/1 . hydrogen sulfide . While the decline 
in swimming activity of  brown trout fry may be c ompensation 
for mild tissue anoxia , the lack o f  acute behaviors and the 
accelerated growth of the s e  fry contradict s a systemic 
effect >;) A debilitating de gre e o f'  t i s sue anoxia impl ie s 
re duc e d  energy a,vaiJ .aJ)le f'or maitenance anct growth a:u3 we ll 
as activ ity @ De spite a c ompensatory reduction in scope 
for act ivity � a state o f  re duced metabolic e ffic iency 
would 'l::le lnc ompa:tible with the energy dems.nds of 
acc e le rate d  growth m 
.. 
The observed decline in activity of brown trout fry may 
be the result of local toxicity . According to Gleason 
et al . { 1969 ) the toxic effects o f  low concentrations of 
hydrogen sulfide in man are due to local t issue irritat ion 
and e dema .  The mucous membrane s of the eye s ,  nose , lungs 
and associated  re spiratory structure s  are part icularly 
sensit ive to  chemical irritation .  Chronic hydrogen sulfide 
irritation of the gill and mucous membranes of brown trout 
fry may produce a similar re sponse . Lamellar stunting , 
irritation and the re sulting edema and general discomfort 
may explain the increased sluggishne s s  o f  fry exposed t o  
these  low concentrations of  hydrogen sulfide . Findings 
of  shortene d ,  thickened gill  lamellae in brown trout fry 
exposed to 0 . 0 02 t o  o . oos mg/1 . hydrogen sulfide would 
tend t o  support such a hypothesi s .  
Total lengths o f  brown trout fry exposed t o  0 . 002 t o  
0 .,  0 05 mg/1. hydrogen sulfide for 8 and 2 2  days were 
substantially greater than c ontrols .  The se observations 
are c onsistent with those o f  Smith , Oseid and Olson {1 9 76 ) 
who observed a stimulat ion of growth over c ontrols  in 
fathead minnow fry exposed to 0. 0006 to 0 . 0039 mg/1 � hydrogen 
sulfide for 1 1 2  days ., Snd.th a.nd Ose id ( 1 972 ) a .  l ao 
.observed a stimulatiom of growth ln sucker ·fry expo se d 
for 1 2  days beforehatch to  0 . 006 to O e 01 2  mg/1 . hydrogen 
sulfide \!) Part o f  the growth pron1ot ing e f'fe ot of' hyd:r;ogen 
sulfide may be due to reduced energy expenditure s to 
acr"c ivity Ill A t'e duced scope :for activity and normal feeding 
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behavior of these fry may have pro duced a situation where 
more energy c ould be made available for growth . The 
substantial increase in growth of fry exposed t o  chronic 
concentrations  of hydrogen sulfide is difficult to  explain 
in terms of increased food e fficiency alone . The growth 
promoting effect of hydrogen sulfide i s  probably more complex . 
The antibiotic propert ies o f  hydrogen sulfide may be 
re sponsible for part of the stimulatory e ffect observed 
in fry exposed t o  low conc entrat ions of hydrogen sulfi:G.e . 
The feeding or inj e ct ion of small amounts of  ant ibioti c s  to 
stimulate the growth of mammals , b irds , microorganisms 
and plants i s  well documented by Goldberg ( 1 959 ) .  Since 
1952 small amounts of antibiot ic s  ( 1  to 2 0  mg/1 . )  have 
been routinely added t o  the feed of  young game and 
domesti c  animals to increase their growth . Treated 
animals grow faster because the energy no�mally used t o  
combat infection can b e  directed int o  growth . This 
reduction in the level of disease or subclinical infection 
allows an organism to  more nearly approach it ' s  max imum 
growth potent ial s  Another port i on o f  the growth 
promoting e ffe ct of  hydrogen sul fide may be through a 
variety o f  local re act ions in the gut ( Mason �:t §'J).t r 1. 966 ) .  
Low c oncentrat ions o f  chemotherapeut :l. c  and ant ib iotic 
materials apparent ly cause a shift .ln lnt e st inal microbia..l 
populat ions o r  in t he ir met ab o l i sm .,  Th i s  may re sult in 
increased synt;he sis or de creased ut ilizat ion o f  certain 
e s s e nt ial growth factor s �  or decr·e a s e d  bacter ial product ion 
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of a t oxin .  Antib iot ics have also been found to increase 
the permeability of the gut wall t o  nutrients ( Wilson and 
Mile s ,  1 966 ) and reduce the dietary requirements for a variety 
of vitamine s ,  mineral s and prote ins ( Sokkon and Porter , 1 953 ) .  
According t o  Goldberg (1 959 ) the principal mode of  act ion 
of  substance s  such as hydrogen sulfide i s  through horme sis .  
Most highly t oxic sub stanc e s  have a stimulatory e ffect when 
presented at a level below that which pro duces inhibit ion. 
The growth promoting effect of trace amounts of ant ibiotics 
and poisons is a well documented phenomenon characterist ic 
of all cells under condit ions of  mild stre ss . A wide 
variety of  physical stimuli and chemically unr�lated 
substance s will promote growth when pre sent at sub-
inhibitory c oncentrationse  The growth and metabolism o f  
plants ,  paramec ia ,  bacteria and fungi ar e  stimulated b y  low 
doses  o f  salts of heavy metals , anastheti cs ,  pe sticide s ,  
x-rays and ultraviolet light ( Goldberg , 1 959 ) .  Surfactants 
will stimulate the growth of  chicks (Ely , 1 951 ) and 
antibiotics  will promote the growth of  silkworms ( Murphy et 
al � ,  195J ) .  Sub-inhib itory concentrations o f  many 
germic idal compounds such as formaldehyde , formic ac id , 
copper sulf�tte ® lysol and pheno l p:r·o a growth re spon se 
in yeast and bacteria ( Goldberg � 1 959 ), The more t ox i c  
sub stance s such as formaldehyde exert a st imulatory e ffe ct 
at grea.ter dilti;tions ( 0 . 001 mg/1 .. ) as compared with the less 
potent lysol ( effective at O e 5 part s per hundr e d ) p  The 
horme ct ic e ffe ct o f  trace amount s harmful st imul i i s  
.· 
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more pronounce d  in organisms already experiencing mild 
stre s s  ( Goldberg , 1 9 59 ) .  The source of the stress may 
vary from environmental changes and inadequate diet to  
overcrowding , disease and low grade infection. Frequently 
the hormectic e ffect is greatest in very young animals 
experiencing stre ss  due to  disease and lo s s  of the relatively 
ideal prenatal environment . Under the se c onditions the 
growth rate is far below the genetic  maximum. Although 
no re search has been done on the e ffects o f  poisons and 
antib iotics on growth in fish , the universality of the 
hormecti c  e ffect suggests a similar re sponse in brown trout 
fry exposed t o  chronic concentrations of hydrogen sulfide . 
Although 0 . 002 to 0 . 005 mg/1 . hydrogen sulfide is below 
the threshold required to stimulate an adverse systemic 
response , the se concentrations may produce local toxic 
effects.  The effect of chronic c oncentrations of hydro gen 
sulfide on gill structure and activity o f  brown trout fry 
impli e s  decreased endurance .  Under the relatively 
c onstant labratory condit ions the true impact of  these 
adverse effects  is probably untest e d  and the ant ibiotic 
and stimulatory e ffe ct s  re sult i n  a net bene fic ial re sponse t 
The harmful e f·:re ct s of chronic c onc entrat i on s  o f  hydrogen 
sulflde may be much greater i.n a natural situat ion where 
environmental stre s se s  are freque nt ly intense . Under such 
condlt i. ons the re duce d  endurance of brown trout fry may 
hav e  a greater impact on the ir ab il ity to adapt and surv ive . 
V .  SUMMARY AND CONCLUSIONS 
Thi s  the s i s  pre sent s  the re sult s of a study of the 
acute and chronic , or sub-lethal , e ffect s of long-term 
expo sure to low concentrations of hydrogen sulfide on 
brown trout fry . Groups of  25 to 38 fry were exposed 
to five experimental concentrations of  hydrogen sulfide 
( 0 . 002 t o  0 ., 01 3  mg/1 , ) and one control  in a cont inuous 
flow bioassay for 8 and 22 days.. Eighty-four and 96-h 
TLm 5 s  were calculated  for those concentrat ions in which 
mortality was high . Mortality and growth were measured 
and gill pathology examined for tho se c oncentrations 
of hydrogen sulfide where large number s  of fry survived .  
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In addition ,  behavioral change s diagnostic  of hydrogen sulfide 
poisoning were observed at acutely and chronically .tox ic 
concentrat ions . 
Extended expo sure s of brown trout fry t o  chronic 
c oncentrations of hydrogen sulfide from 0 . 002 to 0 . 005 
mg/l o resulted in an increase in survival and growth over 
controls &  Thi s  stimulatory act i on can b e  explaine d as  
a combined antib iotic  and h orme ct i c  effect of sub-inhibitory 
c oncentrati ons of hydro gen sulfide e J:R spite t h i s  
bene fic ial e ffect � e levat e d  gill irr igat ion rate s ,  incre a se d  
lethargy and the appearence o f  a i gni fica;:lt gill pathology 
all sugge st that the se c hronic c once ntrat ions o f  hydrogen 
sulfide produce local stre s s e It i s  l ikely that expo sure s 
to o ., 002 to 0 �  005 mg/1 ., hydrogen sulfi.de cause lrr ita:t ion 
of the gills and muc ous membrane s ,  pro duc ing d i s c omfort and 
I 
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lethargy . Extended expo sure s to the se chronic concentrations 
could reduce the physical capabilities  of fry . While 
the impact of this adverse effect is minor in the stable 
laboratory environment , such stress could prove a severe 
handicap; in a natural situation , where fry must be in 
optimum condit ion to contend with environmental stresse s .  
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